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Abstract 
A fiber Bragg grating liquid level sensor is presented by using a transmission shaft connected to the center of 
corrugated diaphragm and the free end of cantilever beam. Under the action of liquid pressure, the transmission shaft 
transfers the bending moment of corrugated diaphragm to the deflection of cantilever beam. When two Bragg 
gratings are axially mounted on the top and bottom surfaces of cantilever beam, the difference of relative wavelength 
doubles the pressure sensitivity of single grating. Theoretical analysis is presented, and the experimental results show 
that the level response sensitivity of the difference of relative Bragg wavelength shifts is 3.33×10-5 m-1 at the range 
of 0~3.2 m, and the repetition is 0.48%FS. Because the densities of liquid are different at various temperatures, it is 
important that the sum of relative wavelength doubles the temperature sensitivity of single grating. The experiments 
indicate that the temperature response sensitivity of the sum of relative Bragg wavelength shifts is 1.24×10-5 ℃-1 at 
the range of 20~70 ℃, and the repetition is 0.84%FS.  
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Selection and/or peer-review under responsibility of [CEIS 2011] 
Keywords: Fiber Bragg grating; liquid level; pressure method; temperature; corrugated diaphragm; transmission shaft; cantilever 
beam of uniform strength. 
* Corresponding author. Tel.:  +86-871-5916597; fax: +86-871-5916597 
E-mail address: boatriver@eyou.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
705Da-da WANG et al. / Procedia Engineering 15 (2011) 704 – 7092 Da-da Wang，et al/ Procedia Engineering 00 (2011) 000–000 
1. Introduction 
Liquid level is the accumulation height of fluid or the position of fluid surface in a vessel, a river and a 
reservoir. In the pressure method, the static pressure is exerted by the height of liquid column and the 
density of liquid related with temperature. Except for the anti-electromagnetic capability and the 
intrinsically safe measurement, the fiber Bragg grating provides the measurement state modulated by 
Bragg wavelength and is adapt to the long-term measurement. For eliminating the temperature-induced 
density fluctuation, the sensitive difference techniques, such as the peak shift and bandwidth broadening 
of fiber Bragg grating [1], temperature independent differential pressure and temperature [2], and the host 
structures quart-glass L-shape lever and steel sensor shell [3], etc. were developed.  
This paper offers a fiber Bragg grating liquid level sensor converted the bending moment of corrugated 
diaphragm into the wavelength shifts of fiber Bragg gratings, where pressure and temperature can be 
simultaneously formulated by the different sensitive sections. 
2.  Operation principle of fiber Bragg grating liquid level sensor 
By means of packaged-structure design, a fiber Bragg grating liquid level sensor with double pressure 
and temperature sensitivities is developed, as shown in Fig 1. The thick end of triangle cantilever beam of 
constant bending rigidity is fixed on fix base as the thin is vertically jointed to an end of transmission 
shaft. The other end of transmission shaft is jointed to the center of corrugated diaphragm. The central 
deflection of corrugated diaphragm is converted into the deflection of cantilever beam by moving the 
transmission shaft. Mounted on the top and bottom surfaces of cantilever beam, two Bragg gratings suffer 
the strain and shift their wavelengths. 
 
 
Fig. 1.   The photograph and schematic diagram of fiber Bragg grating liquid level sensor. 
The corrugated diaphragm is transformed by the liquid pressure, as shown in Fig. 2. In the corrugated 
diaphragm, the liquid pressure p is equal to the resultant forces both of the reactive forces of corrugated 
diaphragm buckle p1 and cantilever beam deflection f2 according to the principle of action and reaction:  ( )221 srfpp π+= (1) 
where, rs=5 mm is the radius of transmission shaf. The corrugated diaphragm is circularly pressurized 
between the protective casing and sleeve gasket. Provided the central deflection of corrugated diaphragm 
is less than one third of its thickness, the corrugated diaphragm will operate at small deflection. Then, the 
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central deflection of corrugated diaphragm w can be expressed as a function of reactive pressure of 
corrugated diaphragm p ing to the method of equivalent plat diaphragm:  1 accord( )
1316
p
hE
w
dd
=
4
0
213 rdμ− (2) 
where, Ed=200 GPa is the Young’s modulus of 316L stainless steel, μd=0.28 is Poisson ratio, r0=30 mm is 
the effective radius of corrugated diaphragm, hd=0.5 mm is the thickness of corrugated diaphragm. By 
substituting these parameters into Eq. (2), the ratio of the deflection of corrugated diaphragm to the 
reactive pressure is w/p1=5.60×10-3 mm/kPa. In the case of small deflection, the reactive pressure of 
corrugated diaphragm is limited to p1<30 kPa according to Eq. (2). 
 
 
Fig. 2.   The balance between the force on the corrugated diaphragm acted by the liquid pressure and the resultant force both of the 
reactive forces of corrugated diaphragm and cantilever beam. 
The deflection of central corrugated diaphragm is converted into the deflection of the free end of 
cantilever beam by using the transmission shaft, as shown in Fig. 3. Two fiber Bragg gratings have the 
original Bragg wavelengths of λ1=1557.185 nm and λ2=1555.043 nm. The shifts of Bragg wavelengths 
Δλ1 and Δλ2 are induced by the strain of cantilever beam ε  [4]: 
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where, ΔT is the variation of temperature. pe≈0.22 is the effective strain-optic constant for fiber, 
αΛ≈0.55×10-6 ℃-1 is the thermal expansion coefficient, αn≈8.6×10-6 ℃-1 is the thermo-optic coefficient, 
and αH=9.41×10-6 ℃-1 is the thermal expansion coefficient of cantilever beam made of 45# stainless steel. 
Inversely, the strain and temperature can be formulated by measuring the wavelength shifts of gratings:  
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The theoretic strain and temperature response sensitivities of fiber Bragg grating liquid level sensor are 
(Δλ1/λ1-Δλ2/λ2)/ε=1.56 με-1 and (Δλ1/λ1+Δλ2/λ2)/ΔT=3.21×10-5 ℃-1. 
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Fig. 3.   Mounted on the top and bottom surfaces of cantilever beam, two fiber Bragg gratings sensitize the deflection of cantilever 
beam driven by the displacement of transmission shaft. 
In the triangle cantilever beam, l=40 mm is the length, hb=0.5 mm is the thickness, B=10 mm is the 
width of fixed end, b=4 mm is the width of free end, and α is the cross angle. Thus, the strain of free end 
ε can be expressed as a function of deflection d at small bending [4]: 
2ldhb=ε (5) 
Substituting the first formula of Eq. (4) into Eq. (5), the deflection of free end of cantilever beam can be 
rewritten as a function of the difference of relative Bragg wavelength shifts of gratings: 
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The central deflection of diaphragm w is equal to the deflection of the free end of cantilever beam d: 
dw = (7) 
Substituting Eq. (2) and Eq. (6) into Eq. (7), the reactive pressure is expressed as a function of the 
difference of relative Bragg wavelength shifts of gratings: 
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Substituting these corresponding parameters into Eq. (8), the theoretic reactive pressure response 
sensitivity of corrugated diaphragm is (Δλ1/λ1-Δλ2/λ2)/p1=2.73×10-9 Pa-1. Furthermore, the strain of free 
end ε can also be expressed as a function of the reactive force f2 of cantilever beam [4]: 
22
6 f
BhE
l
bb
=ε (9) 
where, Eb=200 GPa is the Young’s modulus of 316L stainless steel. Substituting these corresponding 
parameters of beam into Eq. (9), the ratio of the strain of beam to the reactive force is ε/f2=480 με·N-1. 
Substituting Eq. (5) and Eq. (9) into Eq. (2), the reactive force of cantilever beam f2 is expressed as a 
function of the reactive pressure of corrugated diaphragm p1: ( )
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Substituting Eq. (10) into Eq. (1), the liquid pressure p is given by the function of the reactive pressure of 
corrugated diaphragm p : 1( )
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Substituting these corresponding parameters of corrugated diaphragm and cantilever beam into Eq. (11), 
the theoretic liquid pressure is limited to p≈1.05p1<31.5 kPa at the small deflection. Substituting Eq. (8) 
into Eq. (11), the liquid pressure is rewritten as a function of the difference of relative wavelength shifts 
of gratings: ( )
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Substituting these corresponding parameters into Eq. (12), the theoretic liquid pressure response 
sensitivity of fiber Bragg grating liquid level sensor is (Δλ1/λ1-Δλ2/λ2)/p=2.61×10-9 Pa-1. 
3. Level test of fiber Bragg grating liquid level sensor 
In the experiment of liquid pressure of Fig. 4, the corrugated diaphragm type grating level sensor is 
immerged in water. The hydraulic pressure p is expressed as a function of the height of water ΔH:  
Hgp Δ= ρ (13) 
where, ρ=998 kg/m3 is the density of water; g=9.78 m/s2 is the local gravity acceleration.  
 
 
Fig. 4.   The experimental schematic diagram for testing fiber Bragg grating liquid level sensor. 
Because the hydraulic pressure is less than 31.5 kPa at the small deflection, the water level is limited to 
ΔH≤3.2 m according to Eq. (13). Substituting Eq. (12) into Eq. (13), the water level can be expressed as a 
function of the difference of relative Bragg wavelength shifts of gratings in the grating liquid level sensor:  ( )
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Substituting the corresponding parameters of corrugated diaphragm, cantilever beam and water into Eq. 
(14), the theoretic level response sensitivity of grating sensor is (Δλ1/λ1-Δλ2/λ2)/ΔH=2.55×10-5 m-1. As 
the level varied from 0 m to 3.2 m at intervals of 0.4 m, the Bragg wavelength shifts of gratings are 
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interrogated. According to Eq. (14), the experimental results indicate that the maximum error is 7.37×10-7 
m-1, and the delay of grating sensor is 0.68%FS. The repetitive experiments indicate that the maximum 
standard error is 5.21×10-7 m-1, and the repetition is 0.48%FS. By using the least-square fitting algorithm, 
the difference of relative Bragg wavelength shifts of gratings is related to the level ΔH: 
( ) HΔ×=Δ−Δ −62211 103.33λλλλ (15) 
4. Temperature test of fiber Bragg grating liquid level sensor 
In the experiment of water bath, grating liquid level sensor is located on the definite level. When the 
water temperature varies from 20℃ to 70℃ at the temperature unit of 5℃, the Bragg wavelength shifts of 
gratings are interrogated. According to the second formula of Eq. (4), the sum of relative Bragg 
wavelength shifts is linearly related to the change of temperature. The repetitive experiments indicate that 
the maximum error is 5.24×10-6 ℃-1, and the repetition is 0.84%FS. By using the least-square fitting 
algorithm, the sum of relative Bragg wavelength shifts is related to the change of temperature ΔT: 
( ) TΔ×=Δ+Δ −62211 104.12λλλλ (16) 
5. Conclusion 
A fiber Bragg grating liquid level sensor is developed to convert the fluid pressure into the Bragg 
wavelengths shift of gratings. Because two gratings are  mounted on the top and bottom surfaces of beam, 
the level and temperature sensitivities of gratings are different themselves. The experiment of hydrostatic 
pressure indicates that the level sensitivity of sensor is 3.33×10-5 m-1 at the dynamic range of 0~3.2 m, 
and the repetition is 0.48%FS. The experiment of water bath indicates that the temperature sensitivity is 
1.24×10-5 ℃-1 at the dynamic range of 20~70 ℃, and the repetition is 0.84%FS. 
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